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SPECIFICATION 

TITLE OF THE INVENTION 
Optical Amplifier, Passing-Wavelength Characteristic 
5 Control Method in Optical Amplifier, and Optical 

Transmission System 

BACKGROUND OF THE INVENTION 
(1) Field of the Invention 
10 The present invention relates to an optical 

amplifier suitable for controlling the passing-wavelength 
characteristic of amplified 

wavelength-division-multiplexed (WDM) light, and relates 
to a passing-wavelength characteristic control method in 
15 that optical amplifier, and an optical transmission 
system. 

(2) Description of the Related Art 

With a rapid increase in the number of Internet 

20 users and start of distribution service such as images, 
etc. , there is an increasing strong demand for continuous 
access to high- speed optical networks that are the backbone 
of Internet. A wavelength-division multiplexing (WDM) 
system, which multiplexes and transmits a plurality of 

25 optical signals of different wavelengths through a single 
optical fiber (hereinafter referred to as a fiber), has 
been desired to be put to practical use, because it can 
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increase its transmission capacity in proportion to the 
number of wavelengths . 

Optical networks with multiple fibers connected 
thereto are provided with WDM- light amplifying equipment 
5 (hereinafter referred to as equipment) that transmits 
high-speed, large- capacity , and long-distance data. 
This equipment has an optical amplifier. This optical 
amplifier compensates for a loss of an optical signal, 
whereby the optical signal is relayed. The main cause 
10 of loss lies in the scattering of an optical signal outside 
a fiber or absorption by impurities within a fiber. 

A typical example of the optical amplifier is 
an erbium-doped fiber amplifier (EDFA). This 
erbium-doped fiber amplifier is an optical amplifier 
15 consisting of an erbium-doped fiber. If light from a pump 
laser enters through an erbium-doped fiber, the light 
excites erbium atoms , which then amplify an optical signal 
as it passes through the erbium-doped fiber. 

Conventional optical amplifiers compensate 
20 optical signals by the two following methods ( Jl) and ( J2) 
in order to eliminate a deviation in gain and a deviation 
in loss for each wavelength: 

( Jl ) Compensation for the undulated gain profile 
of an erbium- doped fiber, and 
25 (J2) Compensation for a primary tilt due to 

transmission line loss and stimulated Raman scattering. 
The gain profile in (Jl) means the 
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gain-wavelength characteristic (where gain depends upon 
wavelength) of an erbium-doped fiber. The shape of this 
gain profile is shown, for example, in Fig. 24A and is 
determined by the excitation ratio of an optical fiber 
5 ( 6 1/60 where 61 represents the ion density in an upper 
level and <5 0 represents the total ion density) . To make 
the gain-wavelength characteristic flat, the number of 
holes for radiation needs to be constant regardless of 
input optical power. Also, the operating state of an 

10 optical amplifier at this time is equivalent to an automatic 
gain control (AGC) state that does not depend on input 
optical power . However , in this AGC state , there are cases 
where excitation becomes unnecessary (waste). 

For instance, in the case where there is 

15 sufficient output optical power at 0 (dBm) , input light 
with an input optical power of -10 (dBm) has a value of 
10 (dBm) after amplification, if the excitation ratio 
remains at 20 (dB). Therefore, to make the output 
wavelength characteristic flat, the power equivalent to 

20 10 (dBm) obtained by amplification needs to be attenuated 
with an attenuator . In this case , a network administrative 
operator (hereinafter referred to as an administrative 
operator) carries out automatic level control and attaches 
an external optical filter to the output side of an 

25 erbium-doped fiber amplifier, thereby making the shape 
of the gain profile flat . The use of this external optical 
filer can minimize power consumption. Note that the 
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optical filter will be described later. 

If the number of relay stages (amplification 
stages) is increased, the gain profile is accumulated and 
unfavorably affects the qualities of optical signals. 
5 Because of this, in the case where transmission lines are 
constructed of erbium-doped fibers, optical amplifiers 
compensate optical signals by employing band- fixed filters 
that have the inverse of the gain prof ile of the erbium-doped 
fibers . 

10 Stimulated Raman scattering in (J2) is the 

non-linear phenomenon of transmission fibers in which 
optical power is shifted from a high frequency side to 
a low frequency side . When monochromatic light with great 
power is irradiated to an optical fiber, it interacts with 

15 an optical phonon , and consequently , coherent Stokes light 
with a wavelength shifted by a specific quantity occurs 
by stimulated emission . Stimulated Raman scattering uses 
this phenomenon. That is, stimulated Raman scattering 
amplifies an optical signal by stimulated emission, by 

20 setting the wavelength of monochromatic light so that the 
wavelength of Stokes light becomes the same as that of 
the optical signal . And with stimulated Raman scattering , 
compensation for a primary tilt of the gain profile is 
made. Note that because stimulated Raman scattering 

25 occurs in a fiber having a dielectric substance, an 

administrative operator adjusts the output of excitation 
light, etc., according to the type of transmission line 



used. 

Also, Raman amplification is amplification 
utilizing a stimulated Raman dispersion effect and can 
obtain a desired gain-wavelength characteristic by 
5 adjusting excitation light power and oscillation 
wavelength. 

Conventional optical transmission systems 
connect erbium-doped filters and optical filters in 
multiple stages, control the excitation of the light input 

10 to the erbium-doped filters , and employ a band-fixed filter 
to suppress noise light that is outside that band. 

In this way, conventional optical transmission 
systems can utilize components that are now in use, and 
realize reliability and low prices. The optical 

15 transmission systems further compensate for a low-noise 
tilt (which is a parameter representing the primary tilt 
of the gain of an optical amplifier) by using a Raman fiber 
amplifier together. Because the output level after 
amplification is not uniform in wavelength, each distant 

20 station monitors the primary tilt of the gain. Unless 
otherwise noted, distant stations include repeaters, 
repeater stations, repeater nodes, and optical WDM 
stations (terminal stations). 

Furthermore, there has been proposed a method 

25 employing an optical filter. This optical filter is a 
variable gain equalizer that can variably tune the amount 
of gain or loss for each wavelength. This optical filter 
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has small power consumption as an optical amplifier and 
uses active components that can tune gain and loss. This 
function is realized, for instance, by variable filters 
(trade name: active gain equalizer), etc. In the method 
5 employing the optical filter, the optical amplifier 

controls the wavelength characteristic of the variable 
filter by monitoring output optical power of desired 
wavelengths with an optical spectrum analyzer (e.g. , see 
Japanese Laid-Open Patent Publication No. HEI 10-276173). 

10 In the multiplexing method disclosed in the 

aforementioned publication , signal light with wavelengths 
multiplexed within a multiplexer unit is transmitted 
through a tunable filter, and the level is measured for 
each wavelength with a photodiode. Based on the detected 

15 levels, a setting part adjusts a variable attenuator so 
that the levels are tuned to a fixed value. Thus, the 
levels of WDM light can be automatically tuned at all times . 

Fig. 2 4B shows an example of an optical power 
monitor employing an optical spectrum analyzer. At the 

20 gain block 200a of an optical amplifier 200 shown in the 
figure, an input optical signal is amplified. The 
amplified light is branched for each wavelength at a 
demultiplexer 200b. The branched optical signals are 
compensated at a plurality of optical filters 200c whose 

25 pass-bands are different from one another. The 
compensated optical signals are multiplexed at a 
multiplexer 200d. The multiplexed signal is again 
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amplified at a gain block 200a and output to an optical 
amplifier of the next stage (not shown). The WDM light 
output from the gain block 200a is monitored at an optical 
spectrum analyzer (OSA) 200e, whereby the quantities of 
5 loss of the optical filters 200c are tuned to a previously 
set compensation quantity. 

The method employing the optical filters 200c 
can reduce the power consumption and cost of redundant 
components. Therefore, this method can eliminate a 

10 deviation in gain for each wavelength that conventional 
optical amplifiers have. 

Conventional optical transmission systems 
flatten the wavelength characteristics of repeater's 
amplification and amplified output signals, by a 

15 combination of erbium-doped fiber amplifiers and Raman 
fiber amplifiers. Also, optical signals are compensated 
by optical filters alone, or by a combination of optical 
filters and stimulated Raman scattering. 

In the case of a combination of optical filters 

20 and stimulated Raman scattering, when stimulated Raman 
scattering is employed as a second-stage amplifier, the 
wavelength characteristic of the erbium-doped fiber of 
the first stage has an unfavorable influence on the 
stimulated Raman scattering of the second stage. More 

25 specifically, if the shape of the gain profile of the 
erbium-doped fiber changes according to the secondary 
operating point, an administrative operator cannot cause 
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the gain obtained by the stimulated Raman scattering of 
the second stage to be active or tunable according to 
wavelengths. This reason is because the gain profile 
obtained by stimulated Raman scattering is determined by 
5 the transmission line type used . Therefore , if stimulated 
Raman scattering is used as a second- stage amplifier, 
compensation for only a wavelength band lost is made. 

Because of this, an administrative operator 
adjusts the excitation light output of the erbium-doped 

10 fiber amplifier of the first stage so that the secondary 
operating point does not change. The administrative 
operator also performs repeater's amplification by using 
a Raman fiber amplifier together as occasion demands . More 
specifically, each repeater controls filter 

15 characteristics to the optimum state by employing an 
optical wavelength monitor. 

However , in the case of using optical wavelength 
monitors, optical transmission systems have to transfer 
monitoring light with a specific wavelength at all the 

20 bands of an optical amplifier. Besides, the monitoring 
light is unnecessary because it is used solely for the 
purpose of monitoring the gain-wavelength characteristic 
of the optical amplifier. Moreover, the administrative 
operator must cause customers to purchase redundant 

25 equipment such as an optical spectrum analyzer for 

monitoring, etc. Therefore, the initial introduction 
cost that is imposed on customers is increased. 
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Also, in the filter control method that employs 
an optical spectrum analyzer, etc., optical amplifiers 
feed monitored results back to the upstream side of a 
transmission line. This feedback control is accurate, 
5 but is susceptible to external disturbance when increasing 
or decreasing wavelength channels (channels allocated to 
light wavelengths) . This filter control method requires 
a considerable time until control becomes stable. In 
general, if interrupting transfer is needed when networks 

10 are connected in mesh form, fault recovery operation is 
indispensable and that interruption transfer is also 
time-consuming. Therefore, gain tuning that employs 
optical wavelength monitors is temporally difficult and 
is not practical control. 

15 Furthermore, the above-described optical 

amplifiers, such as an erbium-doped fiber amplifier , Raman 
fiber amplifier, etc. , are not efficient in operation and 
contain many redundant portions that increase both power 
consumption and equipment costs. Erbium-doped fiber 

20 amplifiers, and excitation lasers for stimulated Raman 
scattering, consume great power. Therefore, each device 
requires ameans of radiating heat generated by great power. 
This heat-radiating means increases the size and cost of 
the transmission system. Particularly, the large size 

25 of Raman fiber amplifiers causes increased costs. 



SUMMARY OF THE INVENTION 
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The present invention has been made in view of 
the above-described circumstances. Accordingly, it is 
an object of the present invention to provide an optical 
amplifier, a passing-wavelength characteristic control 
5 in the optical amplifier, and an optical transmission 
system that are capable of controlling optical filters 
more quickly and amplifying optical signals more 
efficiently in wavelength-division multiplexing (WDM) 
transmission systems. Another object of the present 

10 invention is to provide an optical amplifier, a 

passing-wavelength characteristic control in the optical 
amplifier, and an optical transmission system that are 
not required to change allocated optical wavelengths when 
expanding networks and are immune to external disturbance 

15 when increasing or decreasing the number of optical 
wavelengths. Still another object of the present 
invention is to provide an optical amplifier, a 
passing-wavelength characteristic control in the optical 
amplifier, and an optical transmission system which are 

20 capable of reducing initial introduction costs with a 
simple construction . 

To achieve the objects of the present invention 
described above, there is provided an optical amplifier 
comprising: an amplification medium for amplifying 

25 wavelength-division-multiplexed (WDM) light; a 

measurement part for measuring either input optical power 
of the WDM light on an input side of the amplification 
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medium or output optical power of the WDM light on an output 
side of theamplif icat ion medium, or bothof them; avariable 
gain equalizer connected on a transmission line and capable 
of variably setting a passing-wavelength characteristic; 
5 a database for holding at least data representing 

wavelength characteristics that respectively correspond 
to transmission line types; an arithmetic part for 
computing an inverted passing-wavelength characteristic 
resulting from a passing-wavelength characteristic of the 

10 variable gain equalizer , based on an acquired transmission 
line type, the optical power measured by the measurement 
part, and the data held in the database; and a setting 
part for setting a passing-wavelength characteristic of 
the variable gain equalizer, based on the inverted 

15 passing-wavelength characteristic computed by the 

arithmetic part. Therefore, WDM transmission systems 
employing the above-described optical amplifier can smooth 
loss-wavelength and gain-wavelength characteristics 
without using additional components such as optical 

20 spectrum analyzer, etc. The size and cost of equipment 
are reduced and dummy light becomes unnecessary, so a 
substantial reduction in cost of a repeater station and 
optical transmission system can be achieved. 

(2) An optical amplifier of the present 

25 invention may be equipped with an amplification medium, 
a measurement part , a variable gain equalizer , a database , 
an acquisition part for acquiring transmission line types , 
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an arithmetic part, and a setting part. If done in this 
manner, a control target value at the time of the boot 
of the optical amplifier can be properly set, so the time 
from the boot of an optical transmission system to the 
5 start of signal communication can be shortened . Therefore , 
the optical transmission system using this optical 
amplifier can prevent a control system (e.g. , an optical 
spectrum analyzer) from being disturbed when increasing 
or decreasing the number of system components, and can 
10 also prevent an adverse influence over optical signals 
having wavelengths other than the wavelengths related to 
the increase or decrease of system components. 
Furthermore, the optical transmission system can be 
stabilized. 

15 (3) In the optical amplifier of the present 

invention, the aforementioned measurement part may be 
constructed to measure a power of excitation light on the 
input side of the amplification medium. If done in this 
manner, the variable gain equalizer can obtain a proper 

20 pass-band characteristic, based on both the measured 

optical power and the wavelength characteristic data held 
in the database. 

(4) The aforementioned database may be 
constructed to further hold information about a 

25 transmission line length connected to the amplification 
medium. If done in this manner, loss -wavelength 
characteristics can be previously predicted, so 
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compensation can be made with a different weight for each 
wavelength. 

(5) The aforementioned database may be 
constructed to hold wavelength characteristics 

5 respectively corresponding to the input optical power and 
output optical power of a centralized amplification type 
transmission line. Also, the aforementioned arithmetic 
part may be constructed to compute the inverted 
passing-wavelength characteristic, based on the 

10 wavelength characteristics corresponding to the input 
optical power and output optical power held in the database . 
If done in this way, a control target value at the time 
of the boot of the variable gain equalizer can be properly 
set. Therefore, for instance, the time from the boot of 

15 an optical transmission system to the start of the signal 
communication between repeater stations can be shortened. 

The database is applicable to two types of 
transmission lines, a centralized amplification type 
transmission line and a transmission-line amplification 

20 type transmission line. 

(6) The aforementioned arithmetic part may be 
constructed to compute an inverted passing-wavelength 
characteristic so that gain of a centralized amplification 
type transmission line is constant . If done in this manner, 

25 system operation is stabilized when increasing or 
decreasing the number of system components. 

(7) The aforementioned arithmetic part may be 
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constructed to compute an inverted passing-wavelength 
characteristic, based on data causing the number of 
multiplexed wavelengths and a wavelength characteristic 
due to a stimulated Raman scattering effect to correspond 
5 to each other. In this case, the computation of the 
inverted passing-wavelength characteristic of the 
variable gain equalizer can be simplified. 

(8) The aforementioned acquisition part may be 
constructed to obtain at least either information about 

10 a type of transmission line connected to the amplification 
medium or information about a length of the transmission 
line, from either monitoring light from an upstream side 
of the transmission line or, a device-monitoring system 
that monitors a status of transmission. In this case, 

15 updated information can be efficiently utilized. 

(9) The aforementioned database may hold a 
wavelength characteristic corresponding to a power of 
excitation light of a transmission-line amplification type 
transmission line. Also, the aforementioned arithmetic 

20 part may be constructed to compute the inverted 
passing-wavelength characteristic, based on the 
wavelength characteristics respectively corresponding to 
the power of excitation light held in the database and 
the output optical power measured by the measurement part . 

25 In this case, loss -wavelength characteristics can be 

readily obtained regardless of the transmission line type 
used. Also, the variable gain equalizer is controlled 
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when it is booted and after it has been booted. 

(10) The aforementioned arithmetic part may be 
constructed to compute the inverted passing-wavelength 
characteristic , based on the data representing wavelength 

5 characteristics that respectively correspond to 

transmission line types, contained in light received from 
a first direction side and provided on the first direction 
side, and based on the number of multiplexed wavelengths 
contained in light received from a second direction side. 

10 Also, the aforementioned setting part may be constructed 
to set a passing-wavelength characteristic of a portion 
in the first direction side of the transmission line. In 
this case, the computation of the inverted 
passing-wavelength characteristic of the variable gain 

15 equalizer can be simplified. 

(11) The aforementioned amplification medium 
may employ a centralized amplification type transmission 
line to amplify WDM light. Also, the aforementioned 
setting part may be constructed to set the 

20 passing-wavelength characteristic , based on input optical 
power and output optical power of the centralized 
amplification type transmission line, after the variable 
gain equalizer has been booted. In this case, wavelength 
characteristics can be properly controlled before and 

25 after the optical amplifier is booted. 

(12) The aforementioned amplification medium 
may employ a Raman amplification type transmission line 
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to amplify WDM light. Also, the aforementioned setting 
part may be constructed to set the passing-wavelength 
characteristic, based on power of excitation light of the 
Raman amplification type transmission line, after the 
5 variable gain equalizer has been booted. In this case, 
quick wavelength characteristic control and efficient 
amplification become possible . For example , networks can 
be expanded without changing optical wavelength bands 
already allocated to customers by an administrative 
10 operator. 

The computation of inverted pas sing- wavelength 
characteristics by the aforementioned arithmetic part, 
and the setting of passing-wavelength characteristics by 
the aforementioned setting part, can be performed by the 
15 two following methods. 

(13) The aforementioned arithmetic part 
computes the inverted passing-wavelength characteristic 
for the first direction side, based on the data contained 
in received light. Also, the aforementioned setting part 

20 sets the inverted passing-wavelength characteristic to 
a portion in the first direction side of the transmission 
line, based on the data held in the database. 

(14) The aforementioned arithmetic part 
computes the inverted passing-wavelength characteristic 

25 for the first direction side, based on the first data from 
the self -station . Also, the aforementioned setting part 
sets the inverted passing-wavelength characteristic to 
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a portion in the first direction side of the transmission 
line, based on the second data held in the database. 

Thus, the data required for computing the 
loss -wavelength characteristic of the optical filter can 
5 be acquired from various directions, so the transmission 
system is less susceptible to external disturbance. 

(15) In accordance with the present invention, 
there is provided a passing-wavelength characteristic 
control method in an optical amplifier, comprising the 

10 steps of : measuring either input optical power of WDM light 
on an input side of an amplification medium that amplifies 
the WDM light, or output optical power of the WDM light 
on an output side of the amplification medium, or both 
of them, by a measurement part connected to the 

15 amplification medium; acquiring a transmission line type 
by an acquisition part connected to the measurement part; 
computing an inverted passing-wavelength characteristic 
of a variable gain equalizer connected on the transmission 
line and capable of variably setting a passing-wavelength 

20 characteristic by an arithmetic part connected to the 
measurement part, based on the optical power measured at 
the measurement part , the acquired transmission line type , 
and at least data, held in a database, which represents 
wavelength characteristics that respectively correspond 

25 to transmission line types; and setting a 

passing-wavelength characteristic of the variable gain 
equalizer, based on the inverted passing-wavelength 



characteristic computed at the arithmetic part, by a 
setting part connected to the arithmetic part. 

Therefore, when the optical amplifier is 
operated with a small number of wavelengths at the time 
5 of initial introduction, the variable gain equalizer is 
feedback controlled in a nearly optimum state . Therefore , 
control can be simplified. Even after the variable gain 
equalizer has been booted, the pass -band characteristic 
of the equalizer can be properly controlled to the 

10 theoretically optimum pass -band characteristic, based on 
the results of measurement of monitored values. 

(16) In accordance with the present invention, 
there is provided an optical transmission system 
comprising: a transmission line for transmitting an 

15 optical signal; and an optical amplifier for amplifying 
wavelength-division-multiplexed (WDM) light that is 
transmitted through the transmission line, wherein the 
optical amplifier comprises an amplification medium for 
amplifying the WDM light , a measurement part for measuring 

20 either input optical power of the WDM light on an input 
side of the amplification medium or output optical power 
of the WDM light on an output side of the amplification 
medium, or both of them, a variable gain equalizer connected 
on the transmission line and capable of variably setting 

25 a passing-wavelength characteristic, a database for 
holding at least data representing wavelength 
characteristics that respectively correspond to 
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transmission line types, an arithmetic part for computing 
an inverted passing-wavelength characteristic resulting 
from a passing-wavelength characteristic of the variable 
gain equalizer, based on an acquired transmission line 
5 type, the optical power measured by the measurement part, 
and the data held in the database, and a setting part for 
setting a passing-wavelength characteristic of the 
variable gain equalizer, based on the inverted 
passing-wavelength characteristic computed at the 
10 arithmetic part. 

Therefore, the optical transmission system can 
prevent a control system from being disturbed when 
increasing or decreasing the number of system components . 
Thus, the optical transmission system can be stabilized. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be described in 

further detail with reference to the accompanying drawings 

wherein: 

20 FIG. 1 is a diagram for explaining the principle 

of operation of an optical transmission system to which 
the present invention is applied; 

FIG. 2 is a diagram showing an optical WDM 
transmission system constructed in accordance with a first 
25 embodiment of the present invention; 

FIG. 3A is a simplified plan view showing an 
optical filter; 
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FIG- 3B is a simplified perspective view showing 
a fiber Bragg grating; 

FIG, 4A is a diagram showing the loss -wavelength 
characteristic of fiber Bragg gratings; 
5 FIG. 4B is a diagram showing the total 

loss -wavelength characteristics of the fiber Bragg 
gratings; 

FIG. 5 is a block diagram of a control part 
constructed in accordance with the first embodiment of 
10 the present invention; 

FIG. 6 A is a diagram showing an example of the 
loss -wavelength characteristic data of a transmission 
line; 

FIG. 6B is a diagram showing an example of the 
15 gain-wavelength characteristic data of a gain block; 

FIG. 6C is a diagram showing an example of 
loss -wavelength characteristic data obtained by adding 
the loss -wavelength characteristic data and 
gain-wavelength characteristic data shown in FIGS. 6A and 
20 6B; 

FIG. 6D is a diagram showing an example of 
inverted passing- wavelength characteristic data; 

FIG. 7 is a diagram for explaining the 
computation of an inverted passing-wavelength 
25 characteristic used in the first embodiment of the present 
invention; 

FIG. 8 is a diagram showing an optical WDM 



transmission system constructed in accordance with a 
second embodiment of the present invention; 

FIG, 9 is a simplified block diagram showing 
an optical transmission system constructed in accordance 
with a third embodiment of the present invention; 

FIG. 10 is a flowchart for explaining how a 
passing-wavelength characteristic is controlled in 
accordance with the third embodiment of the present 
invention; 

FIG. 11 is a diagram for explaining a redundant 

system; 

FIG. 12 is a simplified block diagram showing 
an optical transmission system constructed in accordance 
with a fourth embodiment of the present invention; 

FIG. 13 is a flowchart for explaining how a 
passing-wavelength characteristic is controlled in 
accordance with the fourth embodiment of the present 
invention; 

FIG. 14 is a diagram for explaining the principle 
of operation of an optical transmission system constructed 
in accordance with a fifth embodiment of the present 
invention; 

FIG. 15 is a simplified block diagram showing 
the optical transmission system constructed in accordance 
with the fifth embodiment of the present invention; 

FIG . 16 is a diagram for explaining the principle 
of operation of an optical transmission system constructed 
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in accordance with a sixth embodiment of the present 
invention; 

FIG. 17 is a simplified block diagram showing 
the optical transmission system constructed in accordance 
5 with the sixth embodiment of the present invention; 

FIG . 18 is a diagram for explaining the principle 
of operation of an optical transmission system constructed 
in accordance with a seventh embodiment of the present 
invention; 

10 FIG. 19 is a simplified block diagram showing 

the optical transmission system constructed in accordance 
with the seventh embodiment of the present invention; 

FIG. 20 is a simplified block diagram showing 
an optical transmission system constructed in accordance 

15 with an eighth embodiment of the present invention; 

FIG. 21 is a flowchart for explaining how a 
passing-wavelength characteristic is controlled in 
accordance with the eighth embodiment of the present 
invention; 

20 FIG . 22 is a diagram for explaining the principle 

of operation of an optical transmission system constructed 
in accordance with a ninth embodiment of the present 
invention; 

FIG. 23 is a simplified block diagram showing 
25 the optical transmission system constructed in accordance 
with the ninth embodiment of the present invention; 

FIG. 24A is a diagram showing the shape of the 



gain profile of an erbium-doped fiber; and 

FIG. 2 4B is a diagram showing an example of an 
optical power monitor employing an optical spectrum 
analyzer. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will 
hereinafter be described with reference to the drawings. 
(A) Description of The First Embodiment 
10 Fig. 1 is a diagram to explain the principle 

of operation of an optical transmission system to which 
the present invention is applied. The optical 
transmission system 1 shown in the figure is a system to 
transmit wavelength-division-multiplexed (WDM) light and 
15 is equipped with core networks (CN) 15a, 15b, a transmission 
line (fiber) 18, and an optical amplifier 2. 

The core networks 15a, 15b are both trunk 
circuits to perform large-capacity optical transmission. 
The transmission line 18 is used for transmitting optical 
20 signals. Also, the optical amplifier 2 is used for 

amplifying WDM light that travels through the transmission 
line 18. 

In the following description, the transmission 
direction of optical signals is assumed to be a direction 
25 from the first core network 15a toward the second core 
network 15b, unless otherwise specified. 

This optical amplifier 2 serves, for example. 
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as a booster that boosts the strength of an optical signal 
by directly amplifying light, or as a repeater that relays 
optical signals. The optical amplifier 2 is equipped with 
optical couplers 10a, 10b, a gain block 14, an optical 
5 filter (optical pass-band filter ) 11, photodiodes 13, and 
a control part 12. 

The first optical coupler 10a is used for 
outputting light that monitors the input optical power 
transferred from the transmission line 18. That is, the 

10 first optical coupler 10a branches input light at a 

branching ratio such as 10 : 1 , etc . , and outputs the branched 
light. The second optical coupler 10b outputs light that 
monitors the output optical power transferred from the 
gain block 14. These optical couplers 10a, 10b can set 

15 a plurality of branching ratios and can select them 
properly. 

The photodiodes 13 are photodetectors (PDs) for 
monitoring, and they are provided on the input and output 
sides of the gain block 14 , respectively. The photodiodes 

20 13 monitor the power of the branched input monitoring light 
(total light power) and the power of branched output 
monitoring light (total light power ) , output by the optical 
couplers 10a and 10b, respectively. In the required range , 
the required precision is obtained. Each of the 

25 photodiodes 13 inputs a current corresponding to optical 
power to measurement means (measurement part 19 to be 
described later) provided in the control part 12. The 
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control part 12 obtains optical power by measuring the 
current with the measurement means . 

The gain block 14 is a medium to amplify WDM 
light and is constructed of a rare earth-doped fiber 
5 amplifier (centralized amplification type amplifier) or 
Raman fiber amplifier (transmission-line amplification 
type amplifier) . An example of the rare earth-doped fiber 
amplifier is an erbium-doped fiber (EDF) amplifier. 

The optical filter 11 is connected on the 

10 transmission line 18 and can variably set its 

passing-wavelength characteristic, and serves as a 
variable gain equalizer (VGEQ) . That is, the optical 
filter 11 is tunable and has a proper passing-wavelength 
characteristic set by the control part 12. This 

15 compensates for a wavelength band lost . Also, the control 
part 12 can control the optical filter 11 so that the profile 
of the passing-wavelength characteristic becomes flat with 
respect to wavelengths. 

After the optical amplifier 2 has been booted, 

20 the light from optical filter 11 is monitored so that it 
is feedback controlled. On the other hand, in the gain 
profile of an erbium-doped fiber amplifier (EDFA), the 
gain-wavelength characteristic of a point within a curve 
representing a gain-wavelength characteristic obtained 

25 by experiment, etc. , is obtained by interpolation, while 
the gain-wavelength characteristic of a point outside the 
curve is obtained by extrapolation. Therefore, 
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gain-wavelength characteristics are predictable, and 
using these gain-wavelength characteristics, the optical 
filter 11 is set before and after the optical amplifier 
2 is booted. 

5 Furthermore, because the tilted quantity of the 

transmission line 18 is slight and an administrative 
operator can obtain information about a transmission line 
length from customers utilizing networks, the tilted 
quantity is also predictable . Therefore , before starting 

10 operation of the optical amplifier 2, the administrative 
operator is able to determine a known compensation quantity , 
based on gain-wavelength characteristics. Hence, before 
the optical amplifier 2 is booted, gain-wavelength 
characteristics are predicted and are utilized in the 

15 optical amplifier 2. 

The control part 12 computes the 
passing-wavelength characteristic of the optical filter 
11 and sets the inverse of the computed passing-wavelength 
characteristic to the optical filter 11 . The control part 

20 12 is equipped with a measurement part 19, a database 
(data-holding part or data-holding table) 17, an 
arithmetic part (processing part) 16, and a setting part 
16a. 

The measurement part 19 is used for measuring 
25 the input power of WDM light on the input side of the gain 
block 14, the output power on the output side of the gain 
block 14, and the excitation power on the input side of 
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the gain block 14. (These powers will hereinafter be 
referred to as optical powers.) 

The database 17 is memory or table that holds 
data indicating a loss-wavelength characteristic (where 
5 loss depends on wavelength) for each type of transmission 
line 18, and data indicating gain-wavelength 
characteristics with the input and output powers or 
excitation power of the gain block 14 as parameters. For 
example, the loss-wavelength characteristic of a 

10 single-mode fiber is held as a loss -wavelength 

characteristic, as shown in Fig. 6A described in detail 
later. As shown in Fig. 6B, this loss-wavelength 
characteristic is also held with the input and output powers 
(Al, Bl), (A2, B2) and (A3, B3) of an erbium-doped fiber 

15 amplifier (single-mode fiber) as parameters. 

More specifically, when the gain block 14 is 
constructed of a centralized amplification type amplifier 
such as an erbium-doped fiber amplifier , etc. , the database 
17 holds gain-wavelength characteristics with the input 

20 and output powers of the erbium-doped fiber amplifier as 
parameters. When the gain block 14 is constructed of a 
transmission-line amplification type amplifier such as 
a Raman fiber amplifier, the database 17 holds 
gain-wavelength characteristics with excitation power as 

2 5 a parameter. Thus, the database 17 holds gain-wavelength 
characteristics in accordance with the amplifier type used. 
The database 17 always holds the data shown in Figs. 6A 
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and 6B, also holds transmission line lengths (information 
about transmission line lengths) , and further holds data 
which compensates for the gain non-uniformity of the gain 
block 14. Because loss-wavelength characteristics are 
5 predictable from the transmission line length data and 
compensation data, compensation can be made with a 
different weight for each wavelength. 

Gain -wavelength characteristics are 
determined by the values of the loss -wavelength 

10 characteristics of a single-mode fiber and a nonzero 

dispersion-shifted fiber per unit length, and the values 
of the input and output optical powers of an erbium-doped 
fiber amplifier. Single-mode fibers can carry only a 
single mode and have no modal dispersion (in the case where 

15 multiple modes are transmitted, a transmission band is 
narrowed due to a difference in speed) and have a wide 
band. On the other hand, nonzero dispersion- shifted 
fibers are used for avoiding a non- linear phenomenon and 
are constructed so that the zero dispersion wavelength 

20 band and transmission wavelength band of a fiber are 
separated from each other. 

The function of the database 17 is exhibited, 
for example, by the nonvolatile memory shown in Fig. 5. 
Wavelength characteristic data are recorded on the 

25 nonvolatile memory, for instance, when shipping the 

optical amplifier 2 from a factory as a product. And when 
booting the optical filter 11, the control part 12 reads 
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out wavelength characteristic data from the database 17 
and sets that wavelength characteristic data to the optical 
filter 17. That is, the control part 12 acquires the type 
of transmission line 18 used, from the database 17 provided 
5 in itself. Note that the database 17 may be provided 
outside the control part 12. 

Thus, in the case of erbium-doped fiber 
amplifiers , a gain-wavelength characteristic is held with 
the input and output optical powers of the optical amplifier 

10 2 as parameters. Also, the database 17 holds a plurality 
of gain-wavelength characteristics (characteristics 
data) corresponding to types of transmission lines 18. 
Further, the database 17 can hold wavelength 
characteristics (characteristics data) that are obtained 

15 when the optical amplifier 2 is booted and after it has 
been booted. 

In this case, the state of the optical filter 
11 is always monitored, so it becomes possible to operate 
the optical transmission system 1 more efficiently. 

20 The arithmetic part 16 (see Fig. 1) computes 

the inverse of the wavelength characteristic of the optical 
filter 11, based on the acquired information about the 
transmission line 18, optical power measured by the 
measurement part 19, and data held in the database 17. 

25 In order to obtain the inverted 

passing-wavelength characteristic , in the arithmetic part 
16 the total wavelength characteristic as an optical signal 
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must be computed from the database 17. The data that are 
needed by the arithmetic part 16 are (A) input and output 
transmission line (fiber) types, (B) input and output 
transmission line (fiber) lengths, and (C) input and output 
5 optical powers. 

That is, wavelength characteristics 
( gain-wavelength characteristic and loss-wavelength 
characteristic ) are both determined by the input and output 
optical powers (total power) and gain (total power) of 

10 an erbium-doped fiber amplifier, and the type and length 
(transmission line length, span length, or fiber span 
length) of transmission line 18, Also, the input optical 
power and output optical power are both acquired by the 
measurement part 19 , and the type and length of transmission 

15 line 18 are both acquired from data held in the database 
17. 

The setting part 16a sets the passing-wavelength 
characteristic of the optical filter 11 , based on the 
inverted passing-wavelength characteristic computed by 

20 the arithmetic part 16. Note that the arithmetic part 
16 may be provided in the optical filter 11 . In this case, 
the results of computation obtained by the optical filter 
11 are returned to the control part 12, which controls 
the optical filter 11, using the results of computation. 

25 Therefore, in the passing-wavelength 

characteristic control method in the optical amplifier 
of the present invention, the measurement part 19 connected 
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to the gain block 14 that amplifies WDM light measures 
both the input power of the WDM light on the input side 
of the gain block 14 and the output power of the WDM light 
on the output side of the gain block 14 . Also, the acquiring 
5 part ( 32 , 13 ) connected to the measurement part 19 acquires 
the type of transmission line 18 used. The arithmetic 
part 16 connected to the measurement part 19 computes the 
inverted passing-wavelength characteristic of the optical 
filter 11 , connected on the transmission line 18 and having 

10 a variable passing-wavelength characteristic, based on 
the optical power measured by the measurement part 19, 
acquired type of transmission line 18, and data held in 
the database 17 indicating the passing-wavelength 
characteristic of each type of transmission line 18. The 

15 setting part 16a connected to the arithmetic part 16 sets 
the passing-wavelength characteristic of the optical 
filter 11, based on the inverted passing-wavelength 
characteristic computed by the arithmetic part 16. 

The control part 12 boots the optical filter 

20 11 with the passing-wavelength characteristic set to the 
optical filter 11. Therefore, the database 17 holds 
wavelength characteristics (characteristics data) that 
respectively correspond to the input optical power and 
output optical power of a centralized amplification type 

25 transmission line, and the arithmetic part 16 computes 
an inverted passing-wavelength characteristic, based on 
the wavelength characteristics (characteristics data) 
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respectively corresponding to the input optical power and 
output optical power held in the database 17. 

Thus, in the case of initial introduction, when 
the optical transmission system 1 is being operated with 
5 a small number of multiplexed wavelengths, the optical 
filter 11 is feedback controlled in a nearly optimum state 
and therefore control can be simplified. 

Therefore, even after it has been booted, the 
pass-band characteristic of the optical filter 11 is 

10 suitably controlled to the theoretically optimum pass -band 
characteristic, based on the results of measurement of 
monitored values. 

In Figs. 2 to 7 , a description will be given 
of a passing-wavelength control method in the case where 

15 the gain block 14 is constructed of an erbium-doped fiber 
amplifier, and in Fig. 8, a description will be given in 
the case where the gain block 14 is constructed of a Raman 
fiber amplifier. 

Fig. 2 shows an optical WDM transmission system 

20 constructed in accordance with a first embodiment of the 
present invention. The optical transmission system la 
shown in the figure is used for transmitting WDM light 
and is provided with an optical amplifier 2a which is 
constructed of a centralized amplification type amplifier . 

25 The optical amplifier 2a is equipped with an erbium-doped 
fiber amplifier 25, optical isolators 20, and an optical 
filter 11a. The first optical isolator 20 is provided 
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on the input side of the erbium-doped fiber amplifier 25 
through a first optical coupler 10a , and the second optical 
isolator 20 is provided on the output side of the 
erbium-doped fiber amplifier 25 through a second optical 
5 coupler 10b. The optical filter 11a is provided on the 
output side of the optical isolator 20. The inverted 
passing-wavelength characteristic of the optical filter 
11a is set by a control part 12a. In addition to these, 
parts with the same reference numerals as those described 

10 above have the same functions. 

The optical isolators 20 are used for preventing 
relative intensity noise (RIN) degradation due to 
reflected light and destroy of the erbium-doped fiber 
amplifier 25 and are constructed so as to be detachable. 

15 Note that RIN means an index of light intensity noise 
(fluctuation in light intensity) which is output from an 
excitation laser (excitation laser 25b) provided in the 
erbium-doped fiber amplifier 25. It is represented by 
a ratio between light intensity noise per unit wavelength 

20 and average optical power that is output from an excitation 
laser. 

The erbium-doped fiber amplifier 25 is equipped 
with an erbium-doped fiber 25a, an excitation laser (laser 
diode (LD)) 25b, and an optical coupler 25c. The 
25 excitation laser 25b is used for exciting the erbium-doped 
fiber 25a and outputs, for example, excitation light with 
a wavelength of 1.48 Mm or 0.98 Mm. The optical coupler 
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25c is a WDM coupler to input the excitation light from 
the excitation laser 25b, to the erbium-doped fiber 25a 
along with optical signals. The optical coupler 25c is 
provided on the input side of the erbium-doped fiber 25a 
5 by way of example . The optical coupler 25c may be provided 
on the output side of the erbium-doped fiber 25a, or two 
optical couplers may be provided on both sides of the 
erbium-doped fiber 25a, respectively. 

The optical filter 11a is an optical pass-band 

10 filter capable of tuning a passing-wavelength 

characteristic (pass-band characteristic). Fig. 3A is 
a simplified plan view showing the optical filter 11a. 
The optical filer 11a shown in the figure has a plurality 
of fiber Bragg gratings (FBGs) 99 for passing WDM light, 

15 which are provided in series at intervals based on a fixed 
optical path length. When the optical filter 11a is not 
being controlled , optical signals with a single wavelength , 
contained in WDM light, pass through separate fiber Bragg 
gratings 99, respectively. 

20 On the other hand. Fig. 3B is a simplified 

perspective view showing the fiber Bragg grating. When 
the optical fiber shown in the figure is being controlled, 
a heater, provided in each of the fiber Bragg gratings 
99 through which optical signals with a single wavelength 

25 pass, is heated by a control signal from the setting part 
16a. 

Fig. 4A shows the loss-wavelength 
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characteristics of the fiber Bragg gratings 99 , the 
interrupted quantities by the fiber Bragg gratings 99 being 
shown. Lost wavelength light (wavelength AN where N is 
a natural number of 2 or greater) couples with wavelength 
5 light which has a wavelength adjacent to the wavelength 
An of the lost wavelength light, and consequently, a 
wavelength band component with the lost wavelength An as 
center is lost . The total loss-wavelength characteristic 
of the fiber Bragg gratings 99 is shown in Fig. 4B. 

10 Thus, the loss of the fiber Bragg grating 99 

can be adjusted by temperature. Note that the 
above-described characteristic of the optical filter 11a 
is merely an example. For instance, light with a desired 
wavelength can be lost by controlling the strength of an 

15 electric field. 

And the control part 12a (see Fig. 2) is used 
for controlling the optical filter 11a. 

Fig. 5 shows the control part 12a constructed 
in accordance with the first embodiment of the present 

20 invention. The control part 12a shown in the figure is 
equipped with (1) a filter control driver circuit part 
97a for controlling the optical filter 11a, (2) a data 
line bus 97b, (3) a central processing unit (CPU) 97c, 
(4) a boot ROM 97d for holding procedures when booting 

25 the optical amplifier 2a, (5) a plurality of nonvolatile 
memories 97e for holding wavelength characteristic data 
as database 17, (6) a plurality of arithmetic RAMs 97f , 
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and (7) an input-output interface 97g for inputting and 
outputting data between it and modules (not shown) provided 
outside the control part 12a. Note that the construction 
of the control part 12a shown in Fig. 5 is the same as 
5 those of control parts 12b and 12c provided in other 
embodiments and alterations to be described later. 

The wavelength characteristic data held in the 
database 17 will hereinafter be described in further 
detail. 

10 Figs. 6A to 6D show an example of the wavelength 

characteristic data used in the first embodiment of the 
present invention. Fig. 7 is a diagram for explaining 
the computation of the inverted passing-wavelength 
characteristic used in the first embodiment of the present 

15 invention. The nonvolatile memory 97e holds both 

loss -wavelength characteristic data and gain-wavelength 
characteristic data, and the loss -wavelength 
characteristic data of the transmission line 18 (e.g., 
a single-mode fiber) consists of loss-wavelength 

20 characteristic data divided into 5000 parts. Also, the 
wavelength characteristic data shown in Fig. 6B is the 
gain-wavelength characteristic data of the gain block 14 
(e.g., an erbium-doped fiber amplifier) and has an 
undulated portion. This curve consists of 5000 

25 wavelength-dependent characteristic data parts. The 

5000 data parts are held as a plurality of gain-wavelength 
characteristics (e.g., three types), with the input and 
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output optical powers of the erbium-doped fiber amplifier 
25 as parameters. Note that the dividing number 5000 
depends on the performance, etc. , of devices and various 
dividing numbers can be used. 
5 The wavelength characteristic data shown in Fig . 

6C represents the loss-wavelength characteristic data 
obtained by adding the loss - wavelength characteristic data 
and gain-wavelength characteristic data shown in Figs. 
6A and 6B. 

10 The arithmetic part 16 computes the 

gain-wavelength characteristic of an erbium-doped fiber 
amplifier for desired input optical power and output 
optical power, by interpolating the wavelength 
characteristic data held with optical power as a parameter , 

15 held in the database 17 , for input optical power and output 
optical power measured by the photodiode 13, measurement 
part 19, etc. 

Fig. 7 is a diagram for explaining the 
interpolation used in the first embodiment of the present 

20 invention. The curve 1 shown in the figure is a 

gain-wavelength characteristic when input optical power 
is Al and output optical power is Bl, and curve 2 is a 
gain-wavelength characteristic when input optical power 
is A3 and output optical power is B3 . (It is assumed that 

25 Al > A3 and Bl > B3.) A gain-wavelength characteristic 
between curves 1 and 2 has not been held in the database 
17 . If the measurement part 19 obtains input optical power 
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A4 and output optical power B4, the arithmetic part 16 
interpolates the characteristic data C for input optical 
power A4 and output optical power B4, based on wavelength 
characteristic data obtained for wavelength Ax among 5000 
5 wavelength characteristic data parts. The arithmetic 
part 16 obtains curve 3 representing a gain-wavelength 
characteristic when input optical power is A4 and output 
optical power is B4 , by interpolating 5000 wavelength 
characteristic data parts between curves 1 and 2. 

10 In the computation of a control value for the 

optical filter 11a, the arithmetic part 16 obtains the 
loss -wavelength characteristic data shown in Fig. 6C, by 
adding the gain-wavelength characteristic data of the 
erbium-doped fiber amplifier 25 obtained by interpolation , 

15 and the loss-wavelength characteristic data shown in Fig. 

6A. Then, the arithmetic part 16 computes the inverse 
of the loss-wavelength characteristics shown in Fig. 6C. 
The computed inverted loss -wavelength characteristics are 
shown in Fig. 6D by way of example. 

20 More specifically, when the value of the 

computed wavelength characteristic data is Gi (dB), a 
control target value Li for the optical filter 11a is Li 
that satisfies Gi(dB) +Li(dB) =0. Furthermore, an actual 
control value is a value defined by (L - Cont - I = Li 

25 + Lm) , when min{ | Li | } = Lm is defined ( ™ | Li | " represents 
absolute value). And the control part 12 smooths the 
wavelength characteristic of an optical signal that is 
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output from the optical amplifier 2a , by setting the control 
value L - Cont - I to the optical filter 11a. 

Unless otherwise noted, this method of 
computation is likewise utilized in other embodiments and 
5 alterations to be described later. 

In the case of computing the total wavelength 
characteristic with the above-described construction , the 
arithmetic part 16 obtains the given types of transmission 
lines 18 on the input and output sides and transmission 

10 line lengths of input and output fibers ( transmission lines 
18), and the power of input monitoring light and power 
of output monitoring light, and also obtains the 
gain-wavelength characteristic of the gain block 14 and 
the loss -wavelength characteristics of the transmission 

15 lines 18 from the database 17. And the control part 12a 
sets the passing-wavelength characteristic of the optical 
filter 11a to the inverse of the computed 
passing-wavelength characteristic , and the optical filter 
11a is booted after the inverted passing-wavelength 

20 characteristic has been set. After the optical filter 
11a has been booted, the control part 12a suitably controls 
the pass-band characteristic of the optical filter 11a 
to a proper pass-band characteristic, using the results 
of measurement of the monitored values of the output optical 

25 power and input optical power. In this way, the pass -band 
characteristic of the optical filter 11a is optimized. 

The inverted pass -band characteristic data can 
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be set to the optical filter 11a at various timing. As 
an example, it can be set somewhere in the control sequence 
to be performed by the control part 12. 

In the case where the inverted pass -band 
5 characteristic data is set before the optical amplifier 
2a is booted , the control part 12a first judges the presence 
or absence of input light. If light has been input, the 
optical amplifier 2a is booted. And the control part 12a 
judges whether the output optical power is stable. When 

10 the output optical power is stable, the measurement part 
19 measures the input optical power and output optical 
power. Based on the measured input optical power and 
output optical power, the arithmetic part 16 computes a 
pass-band characteristic for the optical filter 11a. And 

15 the control part 12a sets the inverted pass-band 

characteristic of the optical filter 11a by the setting 
part 16a. 

On the other hand, in the case where the inverted 
pass-band characteristic data is set after the optical 

20 amplifier 2a has been booted, the control part 12a judges 
whether the output optical power is stable , without judging 
the presence or absence of input light . The input optical 
power and output optical power are measured, a computation 
by the arithmetic part 16 is made, and the setting of the 

25 optical filter 11a is performed. 

Therefore, the setting of the optical filter 
11a can be performed even in the case of a continuously 
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booted state. 

Thus, the optical amplifier 2a can smooth the 
wavelength characteristic of the output light without 
employing an additional component such as an optical 
5 spectrum analyzer, etc., and can suppress redundant 

excitation light power. As a result, the dummy light 
required when tuning the pass band with an optical spectrum 
analyzer becomes unnecessary. 

Furthermore, a control target value at the time 
10 of the boot of the optical filter 11a can be properly set. 

Therefore, for instance, the time from the boot of the 
optical transmission system la to the start of signal 
communication with distant stations can be shortened. 

In this way, the optical transmission system 
15 la can prevent a control system (e.g. , an optical spectrum 
analyzer) from being disturbed when increasing or 
decreasing the number of system components and can also 
prevent an adverse influence over optical signals having 
wavelengths other than the wavelengths related to the 
20 increase or decrease of system components. Thus, system 
operation can be stabilized. 

(B) Description of The Second Embodiment 
In a second embodiment of the present invention, 
a description will be given in the case where the gain 
25 block 14 (see Fig. 1) is constructed of a Raman fiber 
amplifier. 

Fig. 8 is a diagram showing an optical WDM 
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transmission system constructed in accordance with the 
second embodiment of the present invention. The optical 
transmission system lb shown in the figure is used for 
transmitting WDM light and is equipped with a transmission 
5 line (Raman fiber amplifier) 18a having a Raman 

amplification function, and an optical amplifier 2b which 
outputs excitation light and monitors optical power. The 
control part 12b of the optical amplifier 2b computes the 
passing-wavelength characteristic of an optical filter 

10 11a and sets the inverse of the computed passing-wavelength 
characteristic to the optical filter 11a. The control 
part 12b is equipped with a measurement part 19 , a database 
17, an arithmetic part 16, and a setting part 16a. 

The measurement part 19 is used for measuring 

15 the power of excitation light on the input side of the 
gain block 14. The gain block 14 performs amplification 
using a transmission line 18a capable of Raman 
amplification . After an optical filter 1 la has been booted , 
the setting part 16a sets a passing-wavelength 

20 characteristic, based on the excitation light power of 
the transmission line 18a capable of Raman amplification. 
Therefore , before and after the optical filter 1 la is booted , 
quick wavelength characteristic control and efficient 
optical amplification become possible. 

25 The database 17 holds Raman efficiency data for 

each excitation wavelength and loss -wavelength 
characteristic data for transmission lines 18, 18a. This 
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database 17 holds a loss -wavelength characteristic for 
each of the types of transmission lines 18, 18a and also 
holds gain-wavelength characteristics with excitation 
light power as a parameter. The gain-wavelength 
5 characteristics are held so as to correspond to different 
types of optical amplifiers 11a, respectively. 

The gain-wavelength characteristic is 
determined by the values of loss -wavelength 
characteristics per unit distance for a single-mode fiber 

10 and a nonzero dispersion-shifted fiber, and also by 

excitation light power for Raman amplification. That is, 
the database 17 holds a wavelength characteristic 
corresponding to the excitation light power of the 
transmission- line amplification type transmission line 

15 18a. And the arithmetic part 16 computes an inverted 
passing-wavelength characteristic, based on the 
wavelength characteristics respectively corresponding to 
the excitation light power held in the database 17 and 
excitation light power measured by the measurement part 

20 19. In this way, loss -wavelength characteristics can be 
easily obtained regardless of the type of transmission 
line 18 used. Also, the optical filter 11a can be 
controlled both when it is booted and after it has been 
booted. 

2 5 On the other hand, the gain block 14 performs 

amplification using the transmission line 18a capable of 
Raman amplification, and after the optical filter 11a has 
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been booted, the setting part 16a sets a passing-wavelength 
characteristic, based on the excitation light power of 
the transmission line 18a capable of Raman amplification. 
In this way, wavelength characteristics can be properly 
5 controlled before and after the optical amplifier is 
booted. 

Furthermore, the Raman amplifier 18a is a fiber 
that produces a sufficient Raman effect, and serves as 
the gain block 14 (see Fig. 1). The gain profile of this 

10 Raman amplifier 18a is determined by the Raman efficiency 
of the transmission line 18a and a plurality of excitation 
lasers that output excitation light of different 
wavelengths . With respect to Raman amplification fibers , 
dispersion-compensating fibers are employed in the case 

15 of centralized Raman amplification . In Fig. 8, parts with 
the same reference numerals as those described above have 
the same functions . 

With the above-described construction, the 
arithmetic part 16 computes a gain-wavelength 

20 characteristic for the gain block 14 and a loss -wavelength 
characteristic for the transmission line 18a from data 
held in the database 17, by using the excitation light 
power value measured by the measurement part 19 , the given 
type and length of input -side transmission line 18a, and 

25 a set target output value. And the arithmetic part 16 
obtains a control value for the optical filter 11a. 

The control part 12b sets an inverted 
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passing-wavelength characteristic to the optical filter 
11a. After the inverted passing-wavelength 
characteristic has been set to the optical filter 11a, 
it is booted. After the optical filter llahas been booted, 
5 the control part 12b suitably controls the pass-band 
characteristic of the optical filter 11a to a proper 
pass-band characteristic , using the results of measurement 
of the monitored values of the excitation light power and 
input optical power. In this way, the pass -band 

10 characteristic of the optical filter 11a is optimized. 

Thus, the optical amplifier 2b can smooth the 
wavelength characteristic of the output light without 
employing an additional component such as an optical 
spectrum analyzer, etc., and can suppress redundant 

15 excitation light power. Also, dummy light becomes 

unnecessary and it becomes possible to reduce the prices 
of the optical amplifier 2b and optical transmission system 
lb. Moreover, for instance, the time from the boot of 
the optical transmission system lb to the start of the 

20 signal communication between repeater stations can be 
shortened . 

In this way, the optical transmission system 
lb can prevent a control system from being disturbed when 
increasing or decreasing the number of system components . 
25 Thus, the operation of the optical transmission system 
lb can be stabilized. 

(C) Description of The Third Embodiment 
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A third embodiment is an alteration of the first 
and second embodiments. In the optical transmission 
system la or lb with the optical amplifier 2a or 2b , the 
type and length of input-side transmission line 18 used 
5 are obtained from upstream supervisory (SV) light. This 
SV light contains information about the type of 
transmission line 18, transmission line length, etc. The 
SV light is an optical signal with a wavelength differing 
from wavelengths allocated to WDM light. 

10 Fig. 9 shows an optical transmission system 

constructed in accordance with the third embodiment of 
the present invention. The optical transmission system 
lc shown in the figure is equipped with optical WDM terminal 
stations (hereinafter referred to as terminal stations) 

15 30 , 31 , a gain block 14 , optical couplers Jl to J8 contained 
in an optical amplifier 2a (or 2b) , and a coupler 32. Note 
that optical signals are transmitted in a first direction 
from the first terminal station 30 to the second terminal 
station 31, or a second direction from the second terminal 

20 station 31 to the first terminal station 30. 

Each repeater station, connected on the 
transmission line 18, transfers the type and length of 
output-side transmission line 18 to a downstream station 
(including a terminal station), using SV light. The 

25 downstream station tunes the wavelength characteristic 
of an optical filter 11a according to the information 
inserted in the SV light. Note that the gain block 14 
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is constructed of an erbium-dope fiber amplifier or Raman 
fiber amplifier. 

The terminal stations 30, 31 are used for 
terminating optical signals and are equipped with 
5 transmitters 30a, 31b which transmit SV light, and 

receivers 30b, 31a which receive SV light. The coupler 
32 extracts SV light from the transmission line 18 in the 
first direction and outputs SV light onto the transmission 
line 18 in the second direction. 

10 Therefore, the terminal station 30 transmits 

SV light containing information about the type and length 
of transmission line 18, to the adjacent optical amplifier 
2a (or 2b), and the SV light is branched by the coupler 
32. The branched SV light is converted into electronic 

15 form by a photodiode 13, and the information contained 
in the converted electrical signal is decoded by a reception 
processing part (not shown) . In other words, the coupler 
32 , photodiode 13 , and reception processing part as a whole 
serve as an acquiring part (32, 13). The acquiring part 

20 (32, 13) obtains the type and length of transmission line 
18 connected to the gain block 14, from the upstream SV 
light or a device monitoring system that monitors the status 
of transmission (see Fig. 12 to be described later). In 
this way, updated information is efficiently utilized. 

25 Also, the arithmetic part 16 of the optical 

amplifier 2a (or 2b) computes an inverted 
passing-wavelength characteristic in the first direction , 
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based on the data contained in received light, and the 
setting part 16a sets the inverted passing-wavelength 
characteristic in the first direction of the transmission 
line 18, based on data held in the database 17. 
5 The optical amplifiers 2a (or 2b) insert 

information about the type and length of transmission line 
18 connected to the output side thereof, into SV light 
and transmits it to downstream stations. The downstream 
stations adjust the value of the output optical power, 

10 based on the information contained in SV light transmitted 
from upstream stations. And each downstream station 
inserts information about the type and length of 
transmission line 18 into SV light and transmits the SV 
light to the adjacent downstream station. The SV light 

15 is received and processed by the receiving part 31a of 
the terminal station 31. The same is also true of the 
transmission in the second direction. 

Furthermore, each repeater station connected 
on the transmission line 18 decodes optical signals 

20 transmitted from the upstream side, and inserts 

information about the type and length of transmission line 
18 into SV light and transmits it to the downstream side. 

Thus, the data required for computing a 
loss -wavelength characteristic for the optical filter 11a 

25 can be acquired from various directions, so the 

transmission system is less susceptible to external 
disturbance . 
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Note that the optical transmission system le 
shown in Fig. 9 will be described in a fifth embodiment 
that is to be described later. 

With the above-described construction, a 
5 passing-wavelength characteristic control method is 
carried out by the optical transmission system lc. 

Fig. 10 shows a flowchart for explaining the 
passing-wavelength characteristic of an optical filter 
is controlled in the third embodiment of the present 

10 invention. The optical amplifier 2 stops an excitation 
laser 25b from emitting light during the time that SV light 
is not input from an upstream station (step Al). If SV 
light is received from an upstream station, information 
contained in the SV light is decoded (step A2 ) . In step 

15 A3, if the type of transmission line 18, the input- side 
transmission line length, etc., are all received, the 
acquiring part (32, 13) judges whether the information 
has been changed. When there is no change, the reception 
process in step A2 is performed again. On the other hand, 

20 when there is a change in the information, the arithmetic 
part 16 computes wavelength characteristic data for the 
optical amplifier 2 by interpolation, using the 
loss-wavelength characteristic data held in the database 
17 of the optical amplifier 2 ( step A4 ) . Also , the setting 

25 part 16a sets the computed wavelength characteristic data 
to the optical filter 11a, whereby the optical filter 11a 
is controlled (step A5). 
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Thus, the third embodiment similarly has the 
same effects as those obtained by the first embodiment 
and second embodiment. 

Also, the passing-wavelength characteristic 
control method in the optical transmission system lc 
explains operation in the case of a 1 : M redundant system 
where a single station is connected on a plurality of 
transmission lines 18 (M represents a natural number of 
2 or greater). As an example, as shown in Fig. 11, a 
redundant system is constructed of an active transmission 
line 18b which is transmitting optical signals, and a 
plurality of standby transmission lines 18c which are used 
when the operation of the active transmission line 18b 
is stopped for line cutting, maintenance, etc. 

In the above-described construction, when line 
cutting or other fault occurs in the active transmission 
line 18b, a downstream station switches the active 
transmission line 18b to one of the standby transmission 
lines 18b , using a selector provided in the reception 
processing part (not shown) . And the downstream station 
that switched the active transmission line 18b to the 
standby transmission line 18c decodes information about 
the type and length of transmission line 18 from the upstream 
station corresponding to the transmission line 18 at 1:1, 
and controls the passing-wavelength characteristic of the 
optical filter 11a. 

Therefore, when the wavelength characteristics 
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of light output from repeater stations are smoothed, and 
interrupting transfer is needed, the optical transmission 
system lc can quickly return to normal operation. 

(D) Description of The Fourth Embodiment 
5 An optical transmission system in a fourth 

embodiment is provided with a network management system 
(NMS), which is connected with stations. This NMS sends 
information about the type and length of transmission line 
18 connected to the output side of each station (including 

10 a single station), to each station. The arithmetic part 
16 of each station computes the wavelength characteristic 
of an optical filter 11a, based on the sent information. 
And the computed wavelength characteristic is set to the 
optical filter 11a of each station, whereby the wavelength 

15 characteristic of the optical filter 11a is tuned. The 
NMS can sent information to both an erbium-doped fiber 
amplifier and a Raman fiber amplifier. 

Fig. 12 shows an optical transmission system 
constructed in accordance with the fourth embodiment of 

20 the present invention. The optical transmission system 
Id shown in the figure is provided with an NMS 33 and a 
plurality of device monitoring systems 34a to 34c. The 
NMS 33 is used for controlling traffic and is usually 
provided in a place separate from stations so it can monitor 

25 the statuses of transmission of the stations collectively. 

This monitoring function is exhibited by the control layer 
of a monitoring software application that primarily 
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monitors a higher layer side. 

Also, gain blocks 14 are constructed of 
erbium- doped fiber amplifiers and connected in multiple 
stages through transmission lines 18 . Note that an optical 
5 amplifier 2 in which the gain blocks 14 are provided is 
not shown. 

Further, the device monitoring systems 34a to 
34c monitor the transmission state of each optical 
amplifier 2 (gain block 14) , send that transmission state 

10 to the NMS 33, and set the type and length of transmission 
line 18, etc. , to each optical amplifier 2. These device 
monitoring systems 34a to 34c can perform the setting of 
an optical filter 11a (not shown) individually in the first 
direction and second direction of the transmission line 

15 18. For example, the first device monitoring system 34a 
performs the setting of the corresponding gain block 14 
(or the optical amplifier 2) in the second direction. The 
second device monitoring system 34b performs the setting 
of the corresponding gain block 14 ( or the optical amplifier 

20 2) inthef irst directionandsecond direction. Similarly, 
the third device monitoring system 34c performs the setting 
of the corresponding gain block 14 ( or the optical amplifier 
2) in the second direction. 

Thus, the gain blocks 14 as repeater stations 

25 receive the type and length of transmission line 18, etc. , 
from the device monitoring systems 34a to 34c. The device 
monitoring systems 34a to 34c obtain information about 
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the type of transmission line 18 , etc., from the NMS 33. 

Also, the arithmetic part 16 computes an 
inverted passing-wavelength characteristic for the first 
direction side, based on data contained in received light . 
5 The setting part 16a sets the inverted passing-wavelength 
characteristic to a part on the first direction side of 
transmission line 18, based on data held in the database 
17. This arithmetic part 16 computes an inverted 
passing-wavelength characteristic for the first direction 
10 side, based on data from the self -station . The setting 
part 16a sets the inverted passing-wavelength 
characteristic to a part on the first direction side of 
transmission line 18, based on data held in the database 
17. 

15 With the above-described construction, the NMS 

33 and device monitoring systems 34a to 34c control the 
corresponding optical amplifiers 2. 

Fig. 13 shows a flowchart for explaining how 
the passing-wavelength characteristic of an optical filter 

20 11a is controlled in accordance with the fourth embodiment 
of the present invention. The optical amplifier 2 stops 
an excitation laser 25c from emitting light (step Bl). 
In the stopped state, if the type of transmission line 
18 , etc. , are set by the device monitoring system 34a ( step 

25 B2), an acquiring part (32, 13) judges whether the type 
of transmission line 18, etc., have all been received, 
and judges whether the information has been changed (step 
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B3) . When there is no change, step B2 is performed again. 
On the other hand , when there is a change in the information , 
the arithmetic part 16 computes wavelength characteristic 
data for the optical amplifier 2 by interpolation, using 
5 the loss-wavelength characteristic data held in the 

internal database 17 (step B4). Also, the setting part 
16a sets the computed wavelength characteristic data to 
the optical filter 11a, whereby the optical filter 11a 
is controlled (step B5). 

10 Therefore , an upstream station previously takes 

the loss -wavelength characteristic after transmission 
into consideration, adds a different weight to 
loss -wavelength characteristic data for each wavelength, 
and transmits that loss -wavelength characteristic data 

15 to a downstream station. 

Conventional downstream stations are operated 
so as to improve a signal-to-noise (SN) ratio for the most 
degraded wavelength of the wavelengths (channels) 
contained in transmitted light. On the other hand, in 

20 the present invention, the most degraded wavelength is 
not improved, but SN ratios are improved on an average, 
so a downstream station can obtain a better transmission 
characteristic than amplifying optical signals whose 
receiving level has not been managed at a downstream 

25 station. 

Note that in the fourth embodiment, the gain 
block 14 can be constructed of a Raman fiber amplifier. 



The operation is performed along the same flowchart as 
that shown in Fig. 13, so a description is omitted for 
avoiding redundancy . 

The present invention is also applicable to the 
5 three following alterations. These alterations can be 
constructed by employing both an erbium-doped fiber 
amplifier and a Raman fiber amplifier. 

As the first alteration, repeater stations 
control the loss-wavelength characteristic of 
10 transmission line 18 so as to compensate transmission-side 
transmission line 18. Also, information about 
output-side transmission line 18 can also be set by 
employing information inserted in SV light, transmitted 
from the device monitoring systems 34a to 34c. 
15 As the second alteration, repeater stations 

control the loss-wavelength characteristic of 
transmission line 18 so as to compensate transmission-side 
transmission line 18. Also, information about 
output-side transmission line 18 can also be set by 
20 employing information inserted in SV light, transmitted 
from a distant station arranged downstream. 

As the third alteration, repeater stations can 
set the type and length of transmission line 18, using 
information inserted in SV light transmitted from an 
25 upstream station. 

(E) Description of The Fifth Embodiment 
In the fifth embodiment of the present invention , 
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gain blocks 14 are constructed of rare earth-dope fiber 
amplifiers that make gain constant and are connected in 
two or more stages . 

Fig. 14 shows the principle of operation of an 
5 optical transmission system constructed in accordance with 
the fifth embodiment of the present invention . The optical 
transmission system If shown in the figure is equipped 
with an optical amplifier 2c for amplifying WDM light that 
passes through a transmission line 18. This optical 

10 amplifier 2c has gain blocks 14 of two stages. These gain 
blocks 14 are used for amplifying WDM light and constructed 
of erbium-doped fiber amplifiers. Note that the gain 
blocks 14 may be constructed of Raman fiber amplifiers. 
Also, the gain blocks 14 are not limited to 2 stages. Gain 

15 blocks 14 of two or more stages may be connected. 

An optical filter 11a is tunable in wavelength 
characteristic and provided between gain blocks 14 of two 
stages . 

An arithmetic part 16 computes an inverted 
20 passing-wavelength characteristic so as to make the gain 
of a centralized amplification type transmission line 
constant. Note in Fig. 14 that parts with the same 
reference numerals as those described above have the same 
functions . 

25 With the above-described construction, the 

arithmetic part 16 computes the inverted 
passing-wavelength characteristic of the optical filter 
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11a, using data held in a database 17. The setting part 
16a sets the computed inverted passing-wavelength 
characteristic to the optical filter 11a and boots the 
optical amplifier 2c. After the optical amplifier 2c has 
5 been booted, the arithmetic part 16 measures the monitored 
values of the output optical power and input optical power. 
Based on the results of measurement and data held in the 
database 17, a theoretically proper pass-band 
characteristic is computed. The computed pass-band 

10 characteristic is set to the optical filter 11a. 

Thus, the pass-band characteristic of the 
optical filter 11a is optimized. Also, the optical filter 
11a can have proper pass-band characteristics before and 
after it is booted. 

15 Furthermore, erbium-doped fiber amplifiers 25 

of saturated- state operation are connected in multiple 
stages, so desired gain is obtained. A fluctuation in 
a wavelength characteristic such as a noise figure or factor 
(NF) can be reduced in the case where input optical power 

20 has fluctuated. 

Next, with reference to Fig. 15, a description 
will be given of a passing-wavelength characteristic 
control method in the case where gain blocks 14 are 
constructed of erbium-doped fiber amplifiers. 

25 Fig. 15 shows the optical transmission system 

constructed in accordance with the fifth embodiment of 
the present invention, and the optical transmission system 



shown in the figure is an embodiment example of the optical 
transmission system If shown in Fig. 14. In an optical 
amplifier 2d shown in Fig. 15, the output side of an optical 
filter 11a is connected to a gain block 26 , which has an 
5 excitation laser 25b and an optical coupler 25c. An 
optical signal from the gain block 26 is branched for 
monitoring. The branched light is input to a control part 
12a. Note in Fig. 15 that parts with the same reference 
numerals as the above-described reference numerals have 

10 the same functions. Also, the optical amplifier 2d may 
have gain blocks 26 of two or more stages. 

Therefore, in the optical coupler 25c of the 
gain block 26 , the excitation light output by the excitation 
laser 25b is coupled with the output light of the optical 

15 filter 11a. The coupled optical signal is transferred 
to a core network 15b. Also, the light branched from the 
output light of the gain block 26 is converted into an 
electrical signal, which is input to the control part 12a. 
In the control part 12a, an inverted passing-wavelength 

20 characteristic is set to the optical filter 11a. 

Thus, wavelength characteristic data can be 
similarly stabilized in the case where gain blocks 26 are 
connected in a plurality of stages. 

(F) Description of The Sixth Embodiment 

25 As an alteration of the above-described first 

embodiment, an optical spectrum analyzer can be used 
together. When the loss-wavelength characteristic (or 
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gain-wavelength characteristic) set by a setting part 16a 
is shifted from a typical value (optimum value) during 
operation of an optical transmission system lh, 
compensation for the difference can be made if it is slight . 
5 In Figs. 16 and 17, a description will be given of a method 
that enhances control accuracy. 

Fig. 16 shows the principle of operation of an 
optical transmission system constructed in accordance with 
a sixth embodiment of the present invention. The optical 

10 transmission system lh shown in the figure is provided 
with an optical amplifier 2e. The optical amplifier 2e 
has an optical spectrum analyzer 2 7 to the output side 
of an optical filter 11a through a transmission line 18 
and an optical coupler 10b . This optical spectrum analyzer 

15 27 monitors and measures the optical spectrum and output 
optical power, contained in an optical signal output from 
the optical amplifier 2e. 

With the above-described construction, the 
setting part 16a of the control part 12a first sets 

20 wavelength characteristic data to the optical filter 11a. 
Then, the optical spectrum analyzer 27 monitors a 
wavelength that is an object of service. The control part 
12a judges whether the wavelength characteristic of the 
optical monitor 11a set by the setting part 16a is proper. 

25 And the control part 12a corrects the difference between 
the wavelength characteristic of transmission line 18 and 
the typical value set by the setting part 16a. 
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Therefore, the inverted wavelength 
characteristic to be set to the optical filter 11a is finely 
adjusted and control accuracy is enhanced- Thus, the 
control part 12a corrects a slight different between the 
5 wavelength characteristic of transmission line 18 and the 
typical value, so a transmission characteristic for each 
wavelength can be made uniform and enhanced. 

Fig. 17 shows the optical transmission system 
constructed in accordance with the sixth embodiment of 
10 the present invention. An erbium-doped fiber amplifier 
(EDFA) 25 shown in the figure corresponds to the gain block 
26 shown in Fig. 16. 

In the optical transmission system li, light 
from the optical filter 11a is branched by the optical 
15 coupler 10a. The wavelength and power of the branched 
light are monitored by the optical spectrum analyzer 27. 
When the wavelength characteristic of transmission line 
18 is slightly shifted from the previously set 
loss-wavelength characteristic, the control part 12a 
20 corrects that slight shift. 

Thus, a slight shift from an optimum value is 
monitored and corrected, so control accuracy is enhanced. 

(G) Description of The Seventh Embodiment 
The seventh embodiment of the present invention 
25 is characterized in that it is provided with a plurality 
of optical amplifiers. 

Fig. 18 shows the principle of operation of an 



optical transmission systemconstructed in accordance with 
the seventh embodiment of the present invention. The 
optical transmission system li shown in the figure is 
equipped with an optical amplifier 2g. The optical 
5 amplifier 2g is equipped with gain blocks 14 of two stages 
and a control part 12c. The output light of the gain block 
14 of the first stage (connected to a core network 15a) 
is converted into an electrical signal through a photodiode 
13. The converted electrical signal is input to the 

10 control part 12c. The output light of the gain block 14 
of the second stage (connected to a core network 15b) is 
branched at two places. That is, the output light of the 
gain block 14 of the second stage is branched at an optical 
coupler 10c. The branched light is input to the control 

15 part 12c through a photodiode 13. The branched light from 
an optical coupler 10c is further branched at an optical 
coupler lOd. The branched light from the optical coupler 
lOd is monitored by an optical spectrum analyzer 27 . Thus , 
the output light from the gain block 14 of the second stage 

20 is input to the control part 12c as two kinds of monitored 
values . 

An optical filter 11a shown in Fig. 18 is provided 
between the two different gain blocks 14 so that 
amplification, gain control, and amplification are 
25 constructed as one unit. However, the optical amplifier 
2g may be provided with a plurality of units, which are 
constructed of a single optical filter 11a and three or 
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more gain blocks 14. 

Fig. 19 shows the optical transmission system 
constructed in accordance with the seventh embodiment of 
the present invention. The gain blocks 14 are constructed 
5 of erbium-doped fiber amplifiers, respectively. 

A first erbium-doped fiber amplifier 25 shown 
in Fig. 19 serves as a first-stage gain block, while a 
second erbium-doped fiber amplifier 26 serves as a 
second- stage gain block. The output light of the second 

10 erbium-doped fiber amplifier 26 is input to an optical 
spectrum analyzer 27 through an optical coupler 10b. The 
information data such as a monitored wavelength, power 
of the monitored wavelength, etc. , obtained by the optical 
spectrum analyzer 27, is input to the control part 12c. 

15 That is, the input optical power and output optical power 
of the first erbium-doped fiber amplifier 25, output 
optical power of the second erbium-doped fiber amplifier 
26, and the monitored wavelength, etc., of the second 
erbium-doped fiber amplifier 26 are converted into 

20 electrical signals, which are input to the control part 
12c. 

With the above-described construction, an 
optical signal input to the optical amplifier 2h is 
amplified by the first erbium-doped fiber amplifier 25, 
25 and the optical power is monitored before and after the 
first erbium-doped fiber amplifier 25. And the 
loss -wavelength characteristic of the first erbium-doped 
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fiber amplifier 25 is adjusted. That is, the optical 
signal from the first erbium-doped fiber amplifier 25 is 
a signal in which the wavelength profile has been properly 
compensated. The output light from the optical filter 
5 11a is further amplified by the second erbium-doped fiber 
amplifier 26. A part of the amplified optical signal is 
branched and monitored by the optical coupler 10c. Also, 
the wavelength and power contained in the output light 
from the second erbium-doped fiber amplifier 26 are both 

10 measured by the optical spectrum analyzer 27 . The results 
of measurement are input to the control part 12c, whereby 
control accuracy is enhanced. 

Thus, since a plurality of gain blocks 14 are 
all constructed of erbium-doped fiber amplifiers, an 

15 optical repeater, in which a plurality of optical 

amplifiers of saturated- state operation are connected and 
which can output desired gain, can be constructed. In 
addition, a fluctuation in a wavelength characteristic 
with respect to input optical power, such as a noise figure 

20 (NF), etc., can be reduced. 

Note that as a first alteration, the arithmetic 
part 16 can also receive information about the type , length, 
and wavelength number of transmission line 18 connected 
to the optical amplifier 2g, from SV light transmitted 

25 from an upstream station. 

As a second alteration, the arithmetic part 16 
can also control the loss -wavelength characteristic of 



transmission line 18 so as to compensate transmission-side 
transmission line 18 . The transmission wavelength number 
and output-side transmission line 18 can also be set , based 
on information contained SV light transmitted from an 
upstream distant station and a downstream distant station , 
respectively. 

(H) Description of The Eighth Embodiment 
In order to compensate the wavelength 
characteristic of the optical filter 11a more accurately, 
the database 17 holds wavelength- number information and 
the control part 12a (or 12b) compensates for the 
non-uniformity of the gain of the gain block 14, whereby 
compensation accuracy can be enhanced. 

Fig. 20 shows the optical transmission system 
constructed in accordance with the eighth embodiment of 
the present invention. In the figure, optical signals 
can be transmitted in a first direction (direction from 
the first core network 15a toward the second core network 
15b) and a second direction (direction from the second 
core network 15b toward the first core network 15a) . In 
the two transmission lines 18, repeater stations transfer 
both WDM light and SV light. Also, data contents to be 
inserted in SV light are input-side fiber type, 
transmission line length, and wavelength number (number 
of multiplexed wavelengths ) , and at least these three kinds 
are transmitted from an upstream repeater station to a 
downstream repeater stations through SV light. 
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Note that the optical amplifier 2 shown in Fig. 
20 is the same as the optical amplifier 2 shown in Fig. 
1, etc. Also, it can be constructed of an erbium- doped 
fiber amplifier or Raman fiber amplifier. 
5 Next, in the optical amplifier 2 shown in Fig. 

20, an inverted passing-wavelength characteristic for an 
optical filter 11a is computed as follows. 

The objects to be computed by the arithmetic 
part 16 (not shown) are the WDL of an input -side fiber, 

10 the quantity of SRS, and the WDG of an erbium-doped fiber 
amplifier. That is, the arithmetic part 16 computes the 
inverted passing-wavelength characteristic of the optical 
filter 11a, based on data causing wavelength-multiplexed 
number data and a loss-wavelength characteristic due to 

15 a stimulated Raman dispersion effect to correspond to each 
other. The data required for computing these are acquired 
from the SV light from a distant station and the input 
light and output light of a self -station . 

More specifically, the optical amplifier 2 

20 decodes the SV light from a distant station to acquire 
(1) input-side transmission line type, (2) transmission 
line length, and (3) the number of operating wavelengths, 
contained in the SV light. The optical amplifier 2 also 
computes the WDL of an input -side fiber, the quantity of 

25 SRS, and the WDG of an erbium-doped fiber amplifier, based 
on the input performance-monitored value and output 
performance-monitored value of the optical amplifier 2 
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of the self -station. And the optical amplifier 2 controls 
the optical fiber 11a so as to correct these values. 

In other words, the control part 16 computes 
the inverted passing-wavelength characteristic of the 
optical filter 11a, based on first data contained in 
received light from the upstream side (first direction 
side) and representing a loss -wavelength characteristic 
for each type of transmission line 18 provided on the 
upstream side, and wavelength-multiplexed number data 
contained in received light from the downstream side 
(second direction side) . Also, the setting part 16a sets 
the passing-wavelength characteristic of the upstream 
portion of the transmission line 18 . Thus , the computation 
of the inverted passing-wavelength characteristic by the 
variable gain equalizer (VGEQ) can be simplified. 

The loss-wavelength characteristic of the 
optical filter 11a can be controlled by the three following 
methods . 

First, adjacent optical amplifiers 2 transmit 
SV light when controlling the wavelength characteristic 
of the optical filter 11a. The optical amplifiers 2 
respectively adjust a loss-wavelength characteristic 
finely, based on a value obtained by the upstream optical 
spectrum analyzer 27. The optical amplifiers 2 transmit 
completion messages, indicating that the fine adjustment 
has been completed, to each other. And upstream repeater 
stations receiving the completion message tune the 
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wavelength characteristic of the optical filter 11a of 
each optical amplifier 2 finely to a proper value in 
sequence . 

Second, in the same construction as the first 
5 construction, the arithmetic part 16 computes the WDL of 
an output-side fiber and the quantity of SRS, by directly 
employing the information transmitted from an output -side 
distant station or information set to the optical amplifier 
2 of the self -station by the self -station (e.g. , (1) type 

10 of transmission line 18, (2) transmission line length, 
and (3) number of operating wavelengths, on the output 
side), without the information (fiber information) 
transmitted from an upstream station . The arithmetic part 
16 further computes WDG from the input 

15 performance-monitored value and output 

performance-monitored value of the optical amplifier 2 
of the self -station , and controls the optical filter so 
as to correct these. And the control part 12 decodes WDM 
light that is input to a downstream distant station, and 

20 performs control so that the SN ratios of WDM signals become 
uniform. After this control has been carried out, the 
optical spectrum analyzer 2 7 of a downstream distant 
station inserts the power-monitored value for each 
wavelength of an input optical signal into SV light and 

25 transfers the SV light to an adjacent repeater station. 
In this way, fine adjustments are made. 

Third, the control part 16 makes a fine 
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adjustment so as to correct a shift from an optimum value, 
based on a value monitored by the spectrum analyzer 2 7 
of the self - station and a previously computed target value , 
without a value monitored by the spectrum analyzer of a 
5 downstream distant station. 

Thus, the loss -wavelength characteristic is 
controlled, for example, by three methods, so the 
loss -wavelength characteristic of the optical filter 11a 
is properly controlled according to the state of 

10 transmission. 

With the above-described construction, the 
control of wavelength characteristics in the eighth 
embodiment is carried out. 

Fig. 21 shows a flowchart for explaining how 

15 the passing- wavelength characteristic of an optical filter 
11a is controlled in accordance with the eighth embodiment 
of the present invention. The optical amplifier 2 stops 
an excitation laser from emitting light (step CI). In 
the stopped state, if data from an upstream station is 

20 received (step C2), the acquiring part (32, 13) judges 
whether the type of transmission line 18, etc. , have all 
been received, and judges whether the information has been 
changed (step C3). When there is no change, step C2 is 
performed again. On the other hand, when there is a change 

25 in the information, the arithmetic part 16 computes 

wavelength characteristic data for the optical amplifier 
2 by interpolation, using the loss -wavelength 
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characteristic data held in the internal database 17 (step 
C4). Also, the setting part 16a sets the computed 
characteristic data to the optical filter 11a, whereby 
the optical filter 11a is controlled (step C5). 

The spectrum analyzer 2 7 monitors and measures 
a spectrum (step C6) , and the arithmetic part 16 computes 
an inverted passing-wavelength characteristic using this 
spectrum (step C7) # and controls the optical filter 11a 
(step C8) . 

And the optical amplifier 2 is again caused to 
be in a wait state. If data from an upstream station is 
received (step C9 ) , the optical amplifier 2 judges whether 
the type and length of input -side transmission line 18 
and number of wavelengths have all been received , and judges 
whether the information has been changed ( step CIO ) . When 
there is no change, step C4 is performed again. On the 
other hand, when all of the type of input-side transmission 
line 18, etc. , are not received, or when there is a change 
in the information, step C6 and steps thereafter are again 
performed. 

Thus, by employing the above-described 
construction and control , the arithmetic part 16 can absorb 
non-uniformity of quality that occurs when transmission 
line 18 itself is manufactured. Also, when a slight shift 
from a typical value occurs because of aged degradation 
of the erbium-doped fiber amplifier 25, etc., the 
arithmetic part 16 can absorb that shift from an initial 
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set value. 

In this way, a transmission characteristic for 
each wavelength can be made uniform and enhanced. Also, 
in the case where aged degradation occurs in some of the 
5 optical components, a shift from a set value that results 
from degradation can be efficiently absorbed. 

(I) Description of The Ninth Embodiment 
In the ninth embodiment of the present invention, 
the gain-wavelength characteristic of a gain block 

10 constructed of a Raman fiber amplifier is tuned, so control 
is performed with an even higher degree of accuracy. 

Fig. 22 shows the principle of operation of an 
optical transmission systemconstructed in accordance with 
the ninth embodiment of the present invention . The optical 

15 transmission system 41a shown in the figure is equipped 
with an optical fiber 2i, which is constructed of a Raman 
fiber amplifier. The function of this Raman fiber 
amplifier is exhibited by a transmission line 18, an 
excitation laser 25b, and an optical coupler 25c. A 

20 control part 12b is used for controlling the output optical 
power of the input-side excitation laser 25b and also 
controlling the loss-wavelength characteristic of an 
optical filter 1 la provided on the output side of the optical 
amplifier 2i. Note in Fig. 22 that parts with the same 

2 5 reference numerals as those described above have the same 
functions . 

The optical filter 11a operates in cooperation 
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with the Raman fiber amplifier that is controlled by the 
control part 12b. For instance, with reference to WDL 
representing the loss of transmission line 18, a desired 
wavelength band is compensated in input-side transmission 
5 line 18 by changing the excitation ratio of the Raman fiber 
amplifier that is controlled by the control part 12b. In 
the case where the optical amplifier is constructed of 
an erbium-doped fiber amplifier, it is also possible to 
compensate the WDG of that optical amplifier by the optical 

10 filter 11a. 

WDL due to transmission line 18 is great, and 
if the sum of quantities corrected with a Raman fiber 
amplifier alone or optical filter 11a alone is used as 
a correction quantity, it becomes great and therefore 

15 compensation by a Raman fiber amplifier alone or optical 
filter 11a alone becomes difficult. In such a case, a 
few 10% of the WDL of the transmission line 18 can be 
compensated by an upstream optical fiber 11a and the 
remaining percent of the WDL can be compensated by a 

20 downstream Raman fiber amplifier. 

Fig. 23 shows the optical transmission system 
constructed in accordance with the ninth embodiment of 
the present invention. The optical transmission system 
41b shown in the figure is equipped with a Raman fiber 

25 amplifier 25, which consists of a transmission line 18, 
an excitation laser 25b, and an optical coupler 25c. 

In the optical transmission system 41b 
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constructed as described above, with reference to WDL 
representing the loss of the transmission line 18 , a desired 
wavelength band is compensated in input-side transmission 
line 18 by changing the excitation ratio of the Raman fiber 
5 amplifier that is controlled by the control part 12b. In 
the case where the optical amplifier is constructed of 
an erbium-doped fiber amplifier, it is also possible to 
compensate the WDG of that optical amplifier by the optical 
filter 11a. 

10 Thus, by employing the ninth embodiment , desired 

compensation becomes possible. 

And in the optical transmission system 41b, 
transmission line 18 can have a wide range capable of 
compensating for wavelength characteristic loss and gain , 
15 so a transmission characteristic for each wavelength can 
be made uniform and enhanced in various environments. 
(J) Others 

While the present invention has been described 
with reference to the preferred embodiments thereof, the 
20 invention is not to be limited to the details given herein, 
but may be modified within the scope of the invention 
hereinafter claimed. 

Loss -wavelength characteristics and 
gain-wavelength characteristics can be represented as 
25 gain -wavelength characteristics and 

utilization-wavelength characteristics . 



